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=-Update Method. ('t> 
('t> 

-

\.0 

Update list Bool True or Folse. Default: Folse This field, ii is true. will instruct 0 
-

(RCllpdotelist} !he Retriever lo updole !he sports N 

scores bosed on List describing -

below. This property is used
along with the On-Demond
Update Method ond is mutually
exclusive with HCIJpdoteAII.

Category Lisi Lisi Examples are General Sports This properly describes the sports 
d (RCCafLisf} News, Alojor league Baseha/1, scores items for retrieval. Each 

Notional BasebaO Sports Scores item conloins its 00 

A$S()cialion, Mens College own property. This properly is ;-,l 
Basketball, Womens College volid only if HC(lpdalelisf is i-,,,,. 

-....,1 Basketball, National foolboU true. 
-....,1 

FIG.19 
league, College f(}()lboll, � 
National Hocl<ey league, etc. � 

'° 

TABLE 3-RETRIEVER CONTROL PROPERlY fOR SERVER 
cc 
N 
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Method Name 

Update Property 
(SMUpdateP) 

Update All 
(SMUpdate) 

Update List 
{SMUpdolelist} 

Comment 

This method allows the Admin SS to activate the properties specified in Section 
5.1.1.1. 

This privileged method is used to update all the sports scores records against the 
Cached Database on GDG. The associated property is described in Section 

5.1.1.2. 

This method, combined with the property described in Section 5.1.1.2, is used to 
update only the records specified on the list. 

TABLE 4-SERVER SIZE METHODS FOR SPORTS SCORES API 

FIG.20 

•

• 
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Method Name 

Update list 
(CMUpdalelist} 

Get list 
(CAIGetlist) 

Comment 

This method, combined with the property described in Section 5.1.1.2t is used to 
update only the records specified on the list against the database on the GOG. 

This method, combined with the property described in Section 5.1.1.2, is used to 
get only the records specified on the list against the database on ADS. 

TABLE 5-CLIENT SIDE METHODS FOR SPORTS SCORES API 

FIG.21 

•

• 

IPR2025-00672 
Petitioner's Exhibit 1007 

Page 23 of 33



US 7,177,939 B2 

1 
AIRCRAFT DATA COMMUNICATIONS 

SERVICES FOR USERS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

T11is application is a continuation-in-part of U.S. patent 
application Ser. No. 09/312,011 filed May 14, 1999, now 
U.S. Pat. No. 6,760,778 entitled "Method and Apparatus for 
Data Communication Utilizing the North American Terres- 10 

trial System". This application is related to U.S. application 
entitled "Aircraft Data Services", which is filed on even date 
herewith. These applications are co-pending and commonly 
assigned. 

2 
Additional features of the present invention include a 

system for providing conmmnication services including a 
data communication server, co-located with a moving 
object, for establishing a radio communication path between 
a moving object and a ground station, the data conmmni­
cation server including software architecture including soft­
ware flmctional layers, the layers including a system 
resources layer, a system services layer, an application 
progranm1ing interface layer, and an application layer. 

Further features of the present invention include a method 
of providing wireless data comm1mication services includ­
ing establishing a radio communication path between a 
moving object and a ground station using a communication 
server co-located with the moving object, the data commu-

BACKGROUND OF THE INVENTION 

1. Field of the Invention

15 nication server including software architecture including 
software functional layers, the layers including a system 
resources layer, a system services layer, an application 
programming interface layer, and an application layer. 

T11e present invention generally relates to wireless data
communication services. It particularly relates to aircraft 20

data communication services for users. 

2. Background

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a communication 
system architecture in accordance with an embodiment of 
the present invention. 

FIG. 2 is a block diagram of an alternative communication 
system architecture in accordance with an embodiment of 
the present invention. 

Existing data conmmnieation services, particularly for
aircraft systems, are generally limited to particular applica­
tions. These particular applications provided by non-public 
communication systems include ground flight recorder 
development, air traffic control operations, maintenance 
operations, position monitoring (e.g., global position satel­
lite systems-DPS systems), collision avoidance, aircraft 
surveillance, weather radar, in-flight entertaimnent and other 
specific applications. 

FIG. 3 is a block diagram showing the data link options 

30 in accordance with an embodiment of the present invention. 

Existing data communication services for aircraft passen­
gers are similarly limited to particular communication pro­
tocols and software/hardware systems, therein limiting con- 35 

venience, affordability, and efficiency. These user 
communication protocols and systems include the Terrestrial 
Flight Telephone System (TFTS) and other private collllnu­
nication protocols and systems. These private systems 
require specialized, high-cost antemia equipment and power 40 

control systems or an inconvenient, invasive passenger ID 
assigmnent system to make use of public communication 
systems such as the cellular comm1mication system or the 
public switched telephone network (PSTN), or require high­
interference systems such as the existing amplitude modu- 45 

lation (AM) aircraft communication systems. Based on these 
existing limitations of non-public communication systems, a 
need exists to enable flexible, sean1less data c01mnunication 
for aircraft systems using public wireless networks to 
increase affordability and efficiency. 50

SUMMARY OF THE INVENTION 

FIG. 4 is a block diagram showing the data link options 
via a satellite network in accordance with an embodiment of 
the present invention. 

FIG. 5 is a block diagram of a communication system 
architecture using a satellite network in accordance with an 
embodiment of the present invention. 

FIG. 6 is a block diagram of an alternative connnunication 
system architecture using a satellite network in accordance 
with an embodiment of the present invention. 

FIG. 7 is a block diagram of another alternative commu­
nication system architecture in accordance with an embodi­
ment of the present invention. 

FIG. 8 is a block diagram of another alternative conmm­
nication system architecture in accordance with an embodi­
ment of the present invention. 

FIG. 9 is a block diagram of another alternative commu­
nication system architecture in accordance with an embodi­
ment of the present invention. 

FIG. 10 is a block diagram of another alternative com­
munication system architecture in accordance with an 
embodiment of the present invention. 

The previously mentioned disadvantages are overcome by 
providing an efficient, flexible, and convenient method and 
system for providing data connnunication services for users. 

FIG. 11 is a call flow process diagram of a conmrnnication 
system architecture in accordance with an embodiment of 

55 the present invention. 

In accordance with embodiments of the present invention, a 
data communication server, including a plurality of interface 
units, facilitates data collllmmication between a moving 
object and one or more ground terminals via a radio com- 60 

munication path. The data connnunication server establishes 
the radio connnunication path over one of a plurality of 
wireless data networks including terrestrial and satellite data 
networks and may include an object-oriented software archi­
tecture. Additional features of the present invention include 65 

personal data connnunication services for users and opera­
tional data services for the moving object. 

FIG. 12 is a block diagram of the software infrastrncture 
for the data c01mnunication server in accordance with an 
embodiment of the present invention. 

FIG. 13 is a software function layer diagram of a com­
munication software infrastructure for the data communica­
tion server in accordance with an embodiment of the present 
invention. 

FIG. 14 is a block diagram for the service logic architec­
ture of a connnunication software infrastructure for the data 
connnunication server in accordance with an embodiment of 
the present invention. 

IPR2025-00672 
Petitioner's Exhibit 1007 

Page 24 of 33



US 7,177,939 B2 

3 

FIG. 15 is an application software ftmction layer diagram 
of a communication software infrastructure for the data 
communication server in accordance with an embodiment of 
the present invention. 

FIG. 16 is a block diagram of an alternative software 
infrastructure for the data conununication server in accor­
dance with an embodiment of the present invention. 

FIG. 17 is a property table of a communication software 
infrastructure for the data communication server in accor­
dance with an embodiment of the present invention. 

FIG. 18 is an alternative property table of a communica­
tion software infrastructure for the data communication 
server in accordance with an embodiment of the present 
invention. 

FIG. 19 is an alternative property table of a conununica­
tion software infrastructure for the data communication 
server in accordance with an embodiment of the present 
invention. 

4 

The SDU may provide access a Satellite Communications 
(SATCOM) Satellite Bearer Service. The TFTS is used to 
access the European land-line telephone network. 

System 100 may include a plurality of components to 
provide higher data bandwidth and passenger access tech­
nology for facilitating data applications, examples being 
Internet Web browsing and email retrieval. These compo­
nents include Direct Broadcast Service (DBS) satellite 
decoder 152, passenger cabin dial-up access system 151, and 

10 the WGS 182. Other components of system 100 can help 
facilitate data communications over the existing NATS data 
network. 

The server 110 may include a CPU (not shown) compris­
ing, for example, an Intel Pentium Pro, or equivalent pro-

15 cessor system. The CPU provides multiple functions includ­
ing, for example, interfacing various applications for data 
storage and retrieval and managing various data communi­
cations interfaces for data transfer to the ground-based 
servers. 

FIG. 20 is a method table of a communication software 20 The server 110 may include a plurality of interface units 
infrastructure for the data communication server in accor­
dance with an embodiment of the present invention. 

FIG. 21 is an alternative method table of a communication 
software infrastructure for the data communication server in 
accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION 

System Components 

FIG. 1 illustrates a representative data communication 
system architecture 100 in accordance with embodiments of 
the present invention. The system 100 includes an aircraft 
data server 110, cabin distribution system (CDS) 150, and 
bearer services systems components 180. The server 110 

may be used as the main processor unit that provides 
programmable control over the routing, scheduling, and use 
of the system 100. 

TI1e CDS 150 provides access to the data services pro­
vided by the system 100 via the server 110. The CDS may 
include a plurality of components including a Human Inter­
face Module (HIM) 155, a Passenger Access Server (PAS) 
or Terminal Server (TS) (not shown), and other components 
known to those of skill in the art for forming a Cabin 
Conununications System (CCS). The HIMs 155 may be 
laptop computers with applications for logging data and 
interfacing with the server for data transfers. The PAS/TS, 
which may advantageously be a part of the server 110 or an 
external device, can provide dial-up connectivity to the 
passenger seats for data service access. 

TI1e bearer systems 180 can provide the server 110 with 
the data collllectivity to a plurality of ground-based servers. 
The bearer systems 180 may include a plurality of compo­
nents including an Airborne Communications Unit (ACU) 
205, a Wireless Gate-link system (WGS) 182, a Satellite 
Data Unit (SDU) 195, and a Terrestrial Flight Telephone 
system (TFTS) 200. The WGS 182 may be, for example, a 
wireless LAN transceiver (as shown in FIG. 1) based on the 
IEEE 802.11 specifications which can allow transfer of 
high-speed data to the server 110 in the airport when the 
aircraft (moving object) is on the ground. The ACU may act 
as the gateway to a ground-based data center via the North 
American Terrestrial System (NAT'S) network. Although the 
present invention is described with reference to the NATS 
network, the NAT'S network is solely exemplary and alter­
native conununication networks may be used for providing 
air-to-ground data communication services. 

for intercollllecting to various data networks. These interface 
units may comprise a plurality of discrete 1/0 boards or a 
single integrated board. Alternatively, the server 110 may 
include connnercial off-the-shelf (COTS) network cards to 

25 provide data communications services for the system 100. 

The plurality of interface (I/O) units may include an 
Ethernet interface unit 115, modem 120, conununications 
(COM) port 135, Integrated Services Digital Network 
(ISDN) Basic Rate Interface (BRI) port 130, Primary Rate 

30 Interface (PRI) port 125, ARINC-429 (Aeronautical Radio, 
Inc.) bus interface unit 145, and ARINC-573 bus interface 
unit 140. The Ethernet unit 115 may include ports for 
intercom1ection to the HIMs 155 and to the external terminal 
station (TS), and may be used to collllect to the wireless local 

35 area network (LAN) transceiver 182 providing a high-speed 
data path to ground terminals while the aircraft (moving 
object) is on the ground. Alternatively, a COTS Ethernet 
card attaching to an external hub (not shown) may be used. 

The modem 120 and COM port 135 are used to enable the 
40 server 110 to provide dial-up collllection to the ground-based 

servers via the NAT'S network. Additionally, in the packet 
data mode for system 100, the COM port 135 can be used 
to collllect the server 110 to the ACU 205 directly. 

The PRI port 125 and BRI port 130 allow users (passen-
45 gers) to establish dial-up internet protocol (IP) connections, 

via the CDS 150, when the system 100 offers Web browsing, 
email retrieval, and other passenger-related data services. 
The BRI port 130 may also be used as one of the system 100 

link options when operated in the packet data mode. This 
50 mode is entered when a call is established between the server 

110 and the ACU 205, and the bearer cham1el (B-challllel) is 
operated in 64-Kbps unrestricted mode. Once the call setup 
is completed, data is transferred without alteration allowing 
data-link protocols, an example being Point-to-Point Proto-

55 col (PPP, RFC-1548), to be used to encapsulate the IP 
packets sent to and from the ACU. This mode may also be 
referred to as the transparent bearer service. 

The ARINC-429 bus interface 145 can be used by the 
server 110 to receive data from a plurality of on-board 

60 management systems and to allow access to an additional 
bearer service via the existing Aircraft Conununications 
Addressing and Reporting System (ACARS) messaging 
capabilities or Satellite Data Unit (SDU) if so chosen. The 
server 110 can also receive data transmitted from the ground 

65 via ACARS using the interface 145. Advantageously, the 
interface 145 has at least one transmit port to interface with 
an ACARS mobile unit (MU) 210 and at least two receive 
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ports, one to receive management data from the Aircraft 
Condition Monitoring Systems (ACMS) and one to receive 
data from the ACARS. Additional receiving ports can be 
added as need to provide further management applications to 
monitor data from on-board sensors via the ARINC-429 bus 
interface 145. 

Additionally, the system 100 may include a digital satel-
lite system (DSS) interface unit (not shown) to provide 
broadband packet data service at faster rates than an Tl/El 
rate. TI1e broadband data service can use a Direct Broadcast 10 

Satellite (DBS) to transmit and receive packet data, includ-

6 
System Data Link Interface Options 

The communication system, including server 110, has 
access to ground-based data servers via several data bearer 
services as illustrated in FIG. 2. These data bearer services 
can include wireless LAN services 250, NATS packet or 
voice-band data services 255, satellite data services 265, 

terrestrial flight telephone services (TFTS) 270, and direct 
satellite system services (DSS) 275. 

FIG. 3 illustrates the data link options for the server and 

ing a DSS channel coding scheme, quadrature phase shift 
keying (QPSK) modulation and R-S forward error correc­
tion, MPEG-2 technology for compressing and transporting 
(data link layer) the digital video data, and low-profile 
antenna and DSS decoder PC board/box to receive and 
decode the DSS signal. Other broadband methodologies 
may include, but are not limited to MPEG-4 (e.g, H.263, 
H.261) and other compression techniques including com­
pression techniques that are standards compliant or propri­
etary.

for the ground-based customer premises equipment (CPE) 
using the NATS network. Advantageously, there are three 
data link options for the server 325 to connect to the ACU 
for providing data communication services to the ground. 
The first option is establishing a point-to-point protocol 

15 (PPP) connection 310 between the server 325 and the CPE 
492 via a voice-grade dial-up over the existing NATS voice 
network. Other components of the data link may include a 
data access unit (DAU) 340, ACU 370, ground station 400, 

public switched telephone network (PSTN) 430, 480, and 
20 ground data gateway (GDG) 465. TI1e system can use PPP

as the end-to-end link layer protocol as if a direct connection 
exists between the server and the CPE. Tbc ACU 205 enables air-to-ground conmrnnication 

using the existing NATS network. Advantageously, two 
types of ACU can be used based on the type of interface to 
the CDS 150, examples being a type 496 and a type 25 

4300/8600. Type 496 has 12 ISDN BRI ports that support 
direct interface to BRI handsets, and type 4300/8600 inter­
faces to the CDS 150 by connecting to the Cabin Telecom­
munications Unit (CTU) 161 via ISDN PRI port 125. The 
data link to the ACU 205 may be via one of the B channels 30 

on the same PRI that carries voice traffic to the ACU 205 

requiring the server 110 to request a B-channel call to the 
ACU 205 via the CTU 161. 

The other two options operate in the packet data mode. A 
regular traffic channel of the NATS network will be used to 
carry the packetized data and a circuit switch call is per­
formed to maintain the channel for the duration of the packet 
transfer. The first packet mode option 310 uses the ISDN 
BRI interface unit of the server 325 by connecting the server 
325 to the type 496-BBU, part ofACU 370, via the BRI line. 
To establish a radio co111111unication path, the server 325 can 
send a call setup request message to the 496-BBU, and the 
496-BBU can request the ground station for a traffic channel
before the 496-BBU establishes the call with the server 325.

35 
After a cham1el is allocated, the 496-BBU returns a call­
establish-message back to the server 325, and an end-to-end
ISDN data call is established between the server 325 and the
496-BB U. Subsequently, IP packets are transferred using the
B channel by encapsulating them inside the PPP frame.

Both types of ACU can include a baseband unit (BBU), 
radio frequency unit (RFU), and a power supply unit (PSU). 
The BBU advantageously controls the data link com1ection 
from the aircraft to the nearest ground station. Both types of 
ACU will accept two different data link connection types 
from the server. In the non-packet data mode, an asynchro­
nous (Async) voice-grade modem dial-up via a B-channel 40 

ISDN link using a data access unit (DAU) 202 can be used. 
In the packet data mode, a transparent B-cham1el data link 
can be used. 

In the non-packet data mode, the link operates with the 
BBU having an internal modem to provide V.32/V.22 capa- 45 

bility interfacing with the modem on the server 110. In the 
packet data mode, the server 110 can first encapsulate the IP 
packet in a PPP data frame and send it to the BBU using the 
clear B channel data service. Once the BBU receives the PPP 
frame, the BBU will strip off the PPP header from the PPP 50 

packet, and repackage the remaining IP packets into the 
radio (RF) framing structure. The server 110 then modulates 
the data with phase shift keying (PSK) and up-converts the 
signal to radio frequency for the RFU to transmit to the 
ground. The RFU provides needed signal amplification for 55

transmitted and received signals, and the PSU provides 
direct current (DC) power derived from the aircraft (moving 
object) power source. 

The Human Interface Modules (HIMs) 155 can be laptop 
PCs, for example, used by crew and operational personnel as 60 

the gateway to the system applications via a standard 
graphical user interface (GUI). HIMs 155 can be housed, for 
example, in an adapter shell that allows connection to a 
common docking station, the adapter shell providing the 
interface between the HIM 155 and the docking station and 65 

equipped with an Ethernet interface to connect to the server 
110. 

The second packet data option 305 uses ACU 370 of type 
4300/8600. In this option, the server 325 is connected to the 
4300/8600-BBU via the CTU 350 using the ISDN El PRI 
link. The call setup then follows a similar scenario as to the 
first packet data option that used BRI except that the CTU 
350 is used to establish the call to the BBU, part of ACU 
370, over one of the B-channels. At the BBU, IP data packets 
are channel encoded and encapsulated in radio frequency 
(RF) data frames. Subsequently, the data packets are modu­
lated onto a radio frequency and sent to the Ground Station 
(GS) 400. At the GS 400, the data packets are sent along to 
the Ground Data Gateway (GDG) 465 via a Frame Relay 
(FR) network. The GDG 465 advantageously transfers the IP 
packets to different networks by proper protocol conver­
sions, and receives all ground-to-air packet data call 
requests, sending them to the destination air terminal via an 
associated GS where a radio link is established by the air 
tem1inal. 

Additionally, an alternative system architecture 330 can 
be used for a packet data mode allowing aggregation of 
multiple radio links to provide higher data throughput. TI1is 
higher data rate can be achieved by tunneling the PPP frame 
from the server 325 to GDG 465 via a Layer Two Tunneling 
Protocol (L2TP). L2TP tunneling allows the PPP session to 
be initiated by the server 325 and tern1inated at the GDG 
465, not the BBU (part of ACU 370), allowing the server 
325 and GDG 465 to establish multiple PPP sessions over 
multiple radio links. The GDG 465 enables the server 325 to 
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negotiate a PPP Multilink Protocol (MP) with GDG to 
bundle all the PPP sessions together to forn1 a higher 
bandwidth virtual pipe. 

Tunneling (L2TP) provides a number of unique advan­
tages for the system. These advantages include using the 
existing infrastructure to make the addition of server data 
communication services transparent to the existing Air­
Ground network until the IP packet arrives at the GDG. 
Further advantages include the following: 1) lower devel­
opment costs because development is only needed at the two 10 

ends, server and GDG, and the existing serial line internet 
protocol (SLIP) on the BBU can be used for delivering L2TP 
packets; 2) allowing single point of processing for IP address 
assignment and packet filtering because only the GDG will 
be used to maintain databases; 3) allowing end-to-end 15

recovery and flow control which therefore removes the need 

8 

Use of a DSS system/interface unit allows for broadband 
communication independent of the particular link content, 
either a compressed video signal or a sequence of IP packets 
which can be deciphered by a video coding device at the GS 
and the DSS receiver on the aircraft. Passenger and cabin 
applications for this broadband satellite service include, but 
are not limited to, software downloading, flight information 
updates, Internet browsing, and TV/video delivery. 

FIG. 5 shows the architecture 600 of a satellite data 
communication service using DSS technology. The system 
architecture includes aircraft system 610 having server 615 

and CTU 612 for facilitating a collll1lunications link to a 
DBS data center 630, via a DBS Satellite 618, and NATS 
network 620 intercom1ected to internet facilities 640 and 
CPE 650. DBS data center 630 includes router 638, satellite 
access management system 637, DSS encoder 636, and 
radio equipment including combiner/uplink 635. The system 
architecture 600 further includes on the aircraft a DSS 

for the BBU to perform buffering and link layer mainte­
nance; 4) allowing aggregation of multiple radio links to 
increase throughput using MP; 5) allowing future develop­
ment of new PPP extensions without requiring changes to 
the BBU/GS because the radio network just passes the 
packets through the GS; 6) enabling tunneling interfaces 
with other bearer services, allowing all communications to 
occur between the server and the GDG independent of the 
bearer service selected. 

receiver/decoder and antenna (not shown) to help facilitate 
20 the broadband service. 

The system architecture 600, using asymmetrical data 
transport, can provide large bandwidth (e.g., in excess of 5 
Mbps) from the network (DSS, upstream) to the aircraft and 
from the aircraft to the network ( e.g., 4.8-9 .6 Kbps) (NATS, 

25 downstream). A large bandwidth for the upstream can be 
useful for web applications since most Internet browsing 
retrieves a much greater amount of information than is 
initially transmitted. 

For the CPE 492, three data link options can be selected 
depending on the type of data mode to be used. For a 
voice-grade data link, the CPE 492 can interface to the 
system via a V-series modem connected to a two-wire 
analog line from the LEC (local exchange carrier). For 30 

packet data mode, the CPE 492 has two options. For a first 
packet data mode option, the CPE 492 can use a frame relay 
service if the CPE is part of an already existing frame 
network. Advantageously, a permanent virtual circuit (PVC) 
from each GS to a NATS data gateway over the existing 35 

frame network can be established to deliver IP packets from 
the aircraft (moving object). The CPE can act as a router 
connecting to the system with the server behind it, or 
alternatively the server can terminate the frame relay service 
and IP is transmitted over the link. For the second packet 40 

data mode option which provides lower costs, ISDN BRI 
service is obtained from the local exchange carrier (LEC). 
When IP packets are destined to the CPE, the GDG will set 

Alternatively, other satellite bearer services can be used to 
deliver data collll1lunication services, for example, LEO/ 
MEO/GEO (low earth orbiting/middle earth orbiting/geo­
synchronous earth orbiting) satellite systems. Specific com­
mercial examples of suitable LEO/MEO/GEO systems 
include, but are not limited to Iridilllll, Globalstar, ICO, 
Odyssey, Millennium, Space, Astrolink, Cyberstar, and Tele­
desic. Use of these systems enables data service offerings in 
the exemplary range of 384 Kbps-1.2 Gbps, and allows 
various data applications including video conferencing, 
high-quality video, high-speed Internet, and virtual LAN 
service. 

FIG. 6 shows a representative example of a data commu­
nication system architecture 605 using a LEO/MEO/GEO 
satellite network. The system architecture 605 includes 
aircraft 610 having CTU 612 and server 615, with a data up the data link dynamically by calling to the CPE using PPP 

for IP encapsulation. 45 communication link to satellite network 685 and ground 
networks 695 via satellites 680, 690. The ground networks 
695 can advantageously include GDG 694, video conference 
facility 691, VPN (virtual private network) 693, Internet 

An alternative bearer service used by the system can be a 
satellite communication service. One example can be the 
INMARSAT DATA3 services which provides an X.25 ser­
vice with maximal data throughput (e.g., 10.5 Kbps) and is 
accessible through the SDU 195. FIG. 4 shows the connec- 50

tion options 500 for connecting the server to the SDU. Two 
options 510, 520 may use an ISDN D-channel to establish 
the X.25 SVC (switched virtual circuit) and transport the 
X.25 data packets. An alternative option 530 can use the
high-speed ARINC-429 port 145 to interface directly with 55

the SDU for X.25 call setup and data transport. 
Other alternative bearer services can be used including 

broadband satellite link services-for example, a DBS sys­
tem. A suitable digital compression system, for example a 
Moving Picture Expert Group (MPEG-2) system, can be 60 

used to multiplex any digital signals with digitized video 
signals, including any packet data, on to one or to a very 
small number of satellite transponders. Other compression 
methodologies may include, but are not limited to MPEG-4 
( e.g, H.263, H.261) and other compression techniques 65 

including compression techniques that are standards com­
pliant or proprietary. 

facilities 640, and web server 692. The aircraft 610 acts as 
one of the ground-based clients receiving and transmitting 
high speed data via the satellites 680, 690. The system 605 

is a two-way system which alleviates the need to use the 
NATS network for a return path, and allows the server 615 

to treat the satellite link as just another two-way bearer 
service by using the satellite broadband network 685 to 
interconnect the aircraft 610 and the ground networks 695, 

via a mobile terminal (MT) (not shown) connecting to the 
ground networks 695. 

The satellite network 685 can perfonn necessary routing 
and handoff procedures to establish and maintain com1ec­
tivity between the aircraft 610 and ground networks 695. 

Additionally, the satellite network 685 can serve as a net­
work cloud providing connectivity between any pair of 
clients ( e.g., aircraft 610 and ground networks 695) prefer­
ably using SVCs or PVCs. 

The aircraft 610 includes a satellite transceiver unit 
capable of transmitting and receiving data using any par-
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ticular satellite network, and having the capability of han­
dling either ATM or frame relay protocol such that a SVC or 
PVC can be established between the aircraft transceiver box 
and ground networks 695. Using this setup, IP packets can 
be encapsulated by these lower layer protocols to enable a 
transparent conduit for IP packets to travel from the aircraft 
to the desired ground networks 695. 

10 

Another alternative data link option enables passenger 
cabin dial-up access services. FIG. 7 shows the communi­
cation system architecture 148 for passenger cabin dial-up 10 

services. The system architecture 148 includes cabin distri­
bution system 150, server 110 having its components, and 
can further include digital flight data acquisition unit 
(DFDAU) 710, ACARS MU 750, and other components. 

RFU 940. After receiving the acknowledgment signal, BBU 
930 sends a signal to server 920 via DAU 925 indicating that 
a channel is being made available. Upon completion of this 
air-to-ground link request (channel availability), the voice 
path can be established between the server 920 and the SC 
950, and the SC 950 inserts an in-band dial-tone and waits 
for the server 920 to out-pulse in-band DTMF digits to 
complete the ground portion of the call connection. 

Once the air-to-ground call setup is completed, the 
ground-to-ground call setup can then proceed. Once the 
server 920 receives the "dial-now" signal, it then out-pulses 
the IO-digit phone number to the SC. The SC then connects 
to the destination number via the PSTN and bridges the two 
conference legs together. At this point, the SC returns the 
call progress tone all the way back to the server 920. Upon 
answering the call, the remote TS 965, either at the GDG or 
the CPE, sends the in-band modem answer tone, via modem 
955, to start the modem negotiation with the calling party, 

The system 148 allows a user (passenger) to access 15

internet service, either via an on-board internet service or 
using the server as a proxy to access the rest of the Internet. 
At least two types of access are available depending on the 
configuration of the user's access device (e.g., laptop). For 
all access scenarios, the com1ection to the server 110 via the 20 
TS function will be over a CTU-switched ISDN B-Channel. 

via modem 937. Once the GS detects the modem tone, it cuts 
the voice path, and sends a signal to the BBU 945 to request 
it to start modem training with the server 920. At the same 
time, the GS starts the modem training with the TS 965. 

When both pairs of modems 937,955 complete the training, 
the data can flow through the air link using a particular 

Advantageously, the user's access device can be equipped 
with a PCMCIA V-series modem allowing connection to an 
RJ-11 jack on the handset, and the handset can be connected 
to the CTU 152 via the CDS network. For this configuration, 
a modem pool, as part of the TS f1mction, can peer with the 
laptop modem, and the link layer protocol is PPP so that 
proper authentication (for billing purposes) and dynamic IP 
address assigmnent can be achieved. Advantageously, a 
useful COTS TS for serving this function includes, but is not 
limited to, the Ascend MAX or US Robotics Total Control 
that, on one end, can interface with the CTU via a Tl/El PRI 
or with the BBU via a BRI and, on the other end, with the 
server via Ethernet (see FIG. 1) 

Alternatively, the user's access device can be equipped 
with an ISDN modem, alleviating the need for the server 110 

25 out-of-band protocol while the data flowing between the two 
pairs of modems can use a V-series protocol. 

Once the setup of the physical layer between the server 
920 and TS 965 is completed, the TS 965 can start the link 

30 
layer negotiation with the server using the PPP protocol in 
accordance with RFC 1548, 1549 including the three main 
components of PPP: LCP (Link Control Protocol), NCP 
(Network Control Protocol), and multi-protocol encapsula­
tion. PPP encapsulation frames can be used to carry the IP 

35 
traffic across the data link between the two PPP peers, the 
server 920 and the TS 965 of the ground network. Advan­
tageously, the server 920 may act as a proxy server or 
perfonn network address translation for any clients on the 
same LAN. 

to have modem capability. In this configuration, an internal 
COTS PRI PC card can be used for handling the end-to-end 
digital signal. Advantageously, this particular configuration 
imposes no additional development on the aircraft end, only 40 

requiring modification on the handset to provide a U-inter­
face for connecting to the user access device ISDN modem. 

FIG. 9 shows a more detailed illustration for the packet 
data com1ections using the NATS network. The link archi­
tecture 1000 includes server 1005, CTU 1008, ACU 1010, 

GS 1015, GDG 1020, and CPE 1025. Different data link 
protocols can be followed over different link segments. 
Advantageously, a call scenario can start when the server 
1005 needs to establish a data link to the ground IP network. 

Networking 

FIG. 8 shows a more detailed illustration of the server 45 

data link option to the ground using the existing voice-grade 
NATS network. This system architecture 900 includes 
access device (e.g., laptop) 910, server 920, DAU 925, BBU 
930, modem 937, and RFU 935 as part of the air portion of 
the architecture 900, and RFU 940, BBU 945, modem 955, 

switching center 950, PSTN 960, and terminal server (TS) 
965 as part of the grmmd portion of the architecture 900. 

As described previously, a point-to-point link can be 
established between the aircraft and remote server using the 
PPP link layer protocol to encapsulate IP for transfer across 
this virtual com1ection. The data link can be established in 
three stages, using an air-to-grmmd link request, ground-to­
ground call setup, and end-to-end call setup. 

Advantageously, the air-to-ground link can be first 
requested using a FAX/DATA channel request signal via the 
DAU 925 to the BBU 930. BBU 930 can determine which 
ground station to use and can then send a request cham1el 
signal, via RFU 935, to the ground station (GS) selected. 
Once the selected GS finds an available channel, the GS 
sends a request to the switching center (SC) 950, receives an 
acknowledgment, and then returns the acknowledgment 
with the assigned charmel to BBU 930, via BBU 945 and 

When the BRI is used, the server will send out a call setup 
request via the D channel to the BBU with data call 
indication. The BBU will then request a traffic channel from 

50 the GS 1015 for data use. Once the GS allocates a chmmel 
and acknowledges the BBU, the BBU will send back the call 
connected Q931 message back to the server 1005 and 
allocate the B chmmel for such use. All subsequent IP data 
will go over this clear B chmmel using PPP to frame the IP 

55 packets. 

Alternatively, if the ISDN PRI is used instead for call 
setup, the call request can be initiated when the server sends 
a call setup message to the CTU 1008 as described previ­
ously. CTU 1008, based on the destination number of the 

60 call setup message, will send an incoming data call indica­
tion to the BBU. Once the BBU detects the incoming call 
event, it will proceed and negotiate a traffic channel as 
described previously. Once the channel is allocated, the 
BBU will send back call answer messages to the CTU to 

65 inform the server 1005 that a data link is up and it is ready 
to receive any PPP packets. Once the PPP packet arrives at 
the BBU, the BBU will strip off the PPP header from the PPP 
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packet, put the remaining PPP packets into RF frames, and 
transmit the channel-encoded RF frames over the radio link 
to the GS 1015. 

Once the GS 1015 receives the radio frame, it will recover 
the IP packet and forward it to the GDG 1020, advanta­
geously serving as a router and interface to the public 
Internet and to the private network that interconnects the 
CPE servers such that every IP packet will be routed to the 
appropriate network based on the destination IP address. For 
ground-to-air packet data calls, the GDG will send call 
request messages to the associated GS for certain destination 
air terminals via a frame relay network. When a radio link 
is available, a connection will be set up from GDG to server 
(using circuit mode from GS to server). 

Circuit Mode Data in the Packet Data Network 
The packet data architecture described herein can be used 

for an improved circuit mode data solution (non-CTU instal­
lation). The circuit mode data system architecture 1100 is 
shown in FIG. 10. The system architecture 1100 includes 
user access device ( e.g., laptop) 1105, telephone 1110, ACU 
1115, TS 1125, antenna 1120, radio tower 1135, server 1130, 

ground station controller (GSC) 1140, router 1145, frame 
relay 1150, router 1155, GDG 1160, modem pool 1156, 

PSTN 1170, and destination modem 1175. 

FIG. 11 illustrates the call flow procedures 1200 for the 
circuit mode data solution for the packet data network. In 
accordance with embodiments of the present invention, the 
circuit mode data solution can use a TCP/IP interface to be 
constructed between the server and the GDG. The call flow 

12 

server 1410 may advantageously use a client-server model 
wherein the clients request the service by accessing the 
published methods or interfaces on the servers 1440. The 
software architecture also advantageously may use location 
transparency wherein the objects are accessible by the 
clients universally within the confines of the access control 
and the network com1ectivity. 

As shown in FIG.12, the software architecture 1400 may 
optionally include GUI (Graphical User Interface) 1420 

10 having interfaces allowing data communication applications 
to request services from the server 1410. Preferably, objects 
on server 1410 can advertise services that applications are 
allowed to access, the applications also accessing a Struc­
tured Query Language (SQL) manager as needed to interact 

15 with the GDG 1430 to retrieve or send data. The GDG 1430 

may serve as a Data Proxy, using local storage space to 
either cache the data for upload to the server 1410 or 
download to the customers' (user) ground-based servers 
(GBS) 1440. GDG 1430 will then use the proper transport 

20 to interact with the GBS 1440 for data transfer. The GUI 

25 

1420 can be optional to the design as applications may nm 
unattended without human intervention and therefore are 
only used for maintenance operations under those condi-
tions. The design of the architecture 1400 is independent of 
the underlying operating system. 

30 
1200 includes a plurality of components including user 

The software architecture can be logically divided into 
four functional layers 1500 as shown in FIG. 13. These 
layers include an applications (AP) layer 1505, application 
progrannning interface (API) layer 1510, system services 
(SS) layer 1515, and system resources (SR) layer 1520. The 
AP layer can contain applications that are developed by the 

access device ( e.g., handset) 1205, TS 1210, server 1215, 

BBU 1220, GSC 1225, GDG 1230, and remote end device 
1235. 

Upon user request from the user access device 1205, the 
BBU 1220 can check to verify that adequate radio and server 
resources are available. Assuming adequate resources are 
available, the BBU 1220 will then proceed to reserve a 
modem on the TS 1210 and establish a link to the GSC 1225. 

Once the link to the ground is established, an end-to-end 
TCP circuit is setup between the appropriate GDG 1230 and 
TS 1210 components, advantageously performed using tel-
net or a socket connection between the two components. The 
BBU 1220 also forwards dialing and dialed numbers to the 
GDG 1230. Pending a sanity check on the dialed number 
and a validation check on the billing instrnment, the GDG 
1230 will initiate a connection to the desired destination 
party via a modem. Simultaneously, the BBU 1220 will 
transfer the call to the TS 1210 voice-band-data BRI inter­
face with both modem com1ections (i.e., passenger to TS 
1210 and GDG 1230 to remote end device) negotiating the 
link separately. Upon confinnation that these two links have 
been established, the GDG 1230 and TS 1210 can shuttle 
information to each other. Additionally, this configuration 
can support handoffs of voice-band-data calls. 

Server Software Architecture 
As illustrated in FIG. 12, the server of the data commu­

nication system can advantageously include an object-ori­
ented software architecture 1400. Software architecture 
1400 includes server 1410, GDG 1430, and ground-based 
servers 1440. An object-oriented software architecture is 
exemplary and alternative software architectures may be 
used including, but not limited to, C++, JAVA, HTML, etc. 

Use of an object-oriented design includes that each sys­
tem resource or service provider bears an object entity, and 
that services are accessible via the published methods. 
Resources are managed within the objects. Additionally, the 

aircraft or other parties. The SR layer contains the system 
resources that are used by the SS layer when providing 
service to higher layer components. The SR components can 

35 include the server bearer resources, the databases, the data 
storage, and JAVA execution envir011U1ent, etc. 

The SS layer components provide system-level services to 
the objects in the API layer or to other components in the 
same layer. The services can include, but are not limited to, 

40 various TCP/IP services, avionics standards services, data 
compression and cryptographic services, scheduling, and 
transaction-oriented services. The SS layer includes API 
administration SS to manage all API objects, its purpose 
being to provide access control, service activation/deactiva-

45 tion, and property change capabilities of the API object to 
the data con1U1unication service provider. 

Advantageously, the SR layer may include at least four 
types of components used by the data communication server. 
These components can include device drivers, BITE system, 

50 file system, and miscellaneous facilities. Dependent on the 
underlying OS of the data connnunication server, the com­
ponents of the SR layer may be part of the embedded OS or 
may be specially designed for aircraft data co111111unication 
services. 

55 Device drive (DD) components enable the SS layer com-
ponents to interact with communication devices for data 
exchange with the GDG or with onboard avionics devices. 
Advantageously, the DD may be part of the underlying OS 
or may be specially developed, and includes a plurality of 

60 components including a BRI driver, PRI driver, Ethernet 
driver, ARINC-429 driver, and ARINC-573 driver. 

The SR file system can advantageously provide a consis­
tent way to store ( or provide permanent storage-persis­
tence) the data, including allowing the SS components to 

65 perform read, write, and delete operations based on particu­
larly developed user rights or permissions. Additionally, the 
file system can include a special system file, the route table, 
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used for determining the routing for IP packets. The route 
table can include a set of known routes and be locally stored 
in non-volatile memory. 

Miscellaneous facilities can include an SQL database and 

a JAVA Virtual Machine (VM). The SQL database provides 

14 
Similarly, the communicator of the SS object allows other 
SS and API components to utilize the services provided by 
the SS object. 

FIG. 15 shows a representative example of the functional 
layer process 1700 for an exemplary application, a sports 
score application. A similar process can be followed for 
other applications to retrieve updatable infonnation. The 
functional layer process 1700 includes a plurality of com­
ponents including client 1705, admin server 1710, file 

a database engine to store and manage the data needed by the 
server SS and API components, including all necessary 

database transactions such as query, insert, update, and 
delete functions. Advantageously, the JAVA VM can allow 

10 system SR 1730, retriever SS 1715, BRI SR 1725, Database 
SS 1722, IP stack SS 1735, and GDG 1720. 

the server to access other network-based services using 
JAVA applications or applets. Use of the VM allows the 
server to write an API using JAVA architecture that allows 
clients from other platforms mnning a different OS to 

request services from the data communication server with a 15 

standardized protocol. 

For this example, a sports score retrieval SS 1715 is 
advantageously registered with the scheduler enabling 
execution periodically to retrieve sports scores from the 
GDG 1720. A sports scores admin server 1710 instantiates 
sports scores API objects 1712 and makes them available for 
the sports score clients 1705 to obtain sports scores for the 
user. A Database SS 1722 is used by sports scores API 1712 

and retriever 1715 to store (persist) and share the scores 
20 files, advantageously stored in a user profile. It is also used

by the retriever 1715 to initiate an SQL query, via the IP 
Stack SS 1735 and BRI SR 1725 ( or alternatively, an 
Ethernet SR), to the GDG 1720 to retrieve the latest cached 

The API layer provides a consistent way for the AP to 
acquire and utilize data-oriented aircraft services. Advanta­
geously, a generic object is produced, an example being the 
generic business object (BO), that will allow access to these 
services assuming specific transport protocols (e.g., TCP/IP, 
UDP, etc.). This allows use of an object without specific 
knowledge of the service support stmcture. Alternatively, 
each component in the API layer can be represented as an 
object that provides one specific aircraft service, each object 25 

containing three major parts-the communicator, the recep-

scores. 

FIG. 16 illustrates an exemplary configuration for the 
software architecture 1800 for an end-to-end system 
between the cockpit and cabin terminals 1870, airborne data 
server 1875, and ground data gateway 1880. 

tor, and the service logic. Services provided by each API 
object can be characterized by properties, methods , and 
events and are exposed through the communicator and the 
receptor. 30 

The sports scores admin server 1710 allows a system 
administrator to perform a plurality of functions including 
starting/terminating the sports scores service, changing the 
property of each active instance and the default property of 
the service, changing the automatic update schedule using 

The comm1micator is a client-side component which can 
be represented as a control in a user object (UO), or the 
object embedded in AP, which enables the AP to invoke 
services and to communicate or share the data constmct with 
the object via a known set of properties, methods, and 
events. The receptor component which can be represented as 
a control in the business object and which resides inside the 
object itsel±� is used to accept the service requests and to 
share and communicate back with the AP. The service logic 
is the implementation of the object itself and has access to 
the lower-layer components. This architecture is illustrated 

35 
the sports scores retriever 1715 control, and initiating an 
on-demand update using the sports scores retriever 1715 

control. Additionally, the admin server 1710 maintains the 
database that contains all the sports scores records wherein 
advantageously the client API can be allowed access to 

40 
database records with "read" permission only, and both the 
admin server 1710 and the retriever 1715 have full control 
over the records. 

in FIG. 14 and comprises the client process 1605 and the 
local server process 1618. Client process 1605 includes 
client application 1610 and user object 1615, and local 

45 
server process 1618 includes business object 1620 and local 
server 1625. 

The sports scores retriever 1715 advantageously can have 
access to both the sports scores database and the sports 
scores locator database. The retriever 1715 can use the 
information in the locator database to constmct the SQL 
queries, such as the token representing the records desired, 
the SQL server location, and the property of the records, and 
other information to retrieve the sports scores records. The 

Other API objects can include Objects to retrieve updat­
able or time-sensitive information for a user, infornrntion 
that may lose its value if not retrieved by the user in a 
pre-determined period of time, and information that may be 
updated as a result of this value loss. This updatable or 
time-sensitive information for the user may include news 
information, sports scores, weather information, traffic 
information, politics information, business infonnation, 
finance infonnation, and other updatable or time-sensitive 
information. Other objects may include PMS (Flight Man­
agement System) Object for database loading, the FOQA 
(Flight Operations Quality Assurance) object for obtaining 
and managing ACMS data, and other objects. 

50
retrieved information will be written to the sports scores 
database, and a proper event will be sent back, either to the 
client 1705 or the admin server 1710, to inform the avail­
ability of the updated records. Additionally, a GUI will be 
available to a system administrator to perform a plurality of 

55
functions including initiating a complete on-demand update, 
initiating a partial on-demand update based on the client 
property forwarded, allowing modifications to the automatic 
update schedule, and changing the locator database records. 

FIGS. 17-19 provides a representative example of the 

60 administration, client, and retriever control properties of the 
server control part of the API categorized by property name, 
type, allowable value, and comment. 

In practical operation, the conununicator can provide the 
clients the necessary networking and protocol handling 
capability to execute services on the server, and the receptor 
handles the requests initiated by the clients and starts 
"Instances" of the services being requested. Following this 65 

process, the conmrnnicator of the API allows the applica­
tions to make use of the services provided by the server. 

In practical operation, the client requests services via 
methods. Advantageously, a generic method may be created 
but with different properties to differentiate various services 
requests, or different methods may be created to represent 
different requests. FIGS. 20-21 provides a representative 

IPR2025-00672 
Petitioner's Exhibit 1007 

Page 30 of 33



US 7,177,939 B2 

15 

example of the different server-side and elient-side methods 
that can be created for the sports scores APL 

Additionally, elients can request an object to send notifi­
cation in case a specific event has occurred. Advantageously, 

16 

the elient is notified of an event in the form of executing the 
call event function on the elient side. For the exemplary 
sports scores API, there are two events that can be required, 
one for indicating the successful completion of "method" 
execution, and another for indicating when the "method" 
execution failed. Optionally, an error code may be used as 10 

part of the event to indicate the cause of the failure. 

senger applications. Advantageously, many of the 
applications use a display observable to the aircraft crew or 
passenger to display requested or automatically generated 
information ( e.g., catalog of products or services) via the 
data conununication server, and provides for delivering 
information ( e.g., credit card) to facilitate a purchase. Opera­
tions applications are intended to increase the operational 
efficiency of the airline flight crew, flight operations, depart-
ment, and/or maintenance department in the operation and 
maintainability of the aircraft. Operations applications can 
inelude, but are not limited to, electronic library systems 

Referring again to FIGS. 15, 17-21, an illustrative 
example of how sports scores AP invokes the data commu­
nication server's sports scores service and the actions per­
formed as eharacterized by properties and methods are 15

shown. 

(ELS)/electronic logbook, flight operations quality assur­
ance (FOQA), engine data, performance reports (VI speeds, 
rotation angle), aircraft position, out, off, on, in (0001)/ 
flight phase reports, and data loader. Further operations 
applications may inelude aircraft condition monitoring sys-

Initially, for the "elient requests for scores" action 1706, 

the user can select the desired options on the property menu 
via the GUI and demand an unconditional update (see FIG. 
22). Then, for the "server retrieves data requested" action 
1707, the server-side Sports Scores API 1712 reviews the 
elient-controlled property (see FIG. 19) and initiates an SQL 
query of the sports seores table via the SQL Manager SS to 
verify that data is up-to-date. For this example, the SQL 
query suggest that the data requested is out-of-date. Next, in 
the "server requests for updates" action 1708, the server-side 
sports scores API 1712 demands an update (see FIG. 21) 

which invokes the sports scores retriever SS server 1715 
control using the retriever control property (see FIG. 20). 

Then, for the "retriever initiates SQL-based scores retrieval" 
action 1709, the sports scores retriever SS component 1715 

invokes SQL Manager control to query the sports scores 
loeator reeords for detailed instructions to initiate an SQL­
based data query (e.g., SQL script ID). Then, the retriever 
1715 instructs the SQL Manager to retrieve the required data 
records. Then, for the "low-level SQL queries and retrieval" 
action 1711, the SQL Manager initiates queries by estab­
lishing an SQL port, TCP or UDP, com1ection to the SQL 
server inside the GDG 1720. 

The request can be wrapped by the IP Stack SS 1735 and 
can be sent to the proper BRI SR 1725 that has the 
collllection to the desired bearer via the routing table lookup. 
The SQ L query requests that an IP packet be delivered to the 
GDG 1720 where corresponding TCP/UDP ports arc being 
used for accepting the SQL collllections. Advantageously, 
the SQL server on the GDG 1720 returns the results of the 
query back to the database SS 1722. The sports scores 
retriever 1715 receives an event notification of the comple­
tion of the query. 

For the "sports scores retriever notifies server of task 
completion" action 1713, the sports scores retriever sends a 
completion event to the Server by executing a call-back 
fllllction. Then, for the "server reads database records" 
action 1714, the server API, embedded as part of the call 
back f1.mction, contacts the database manager for the 
requested sports scores wherein the retrieved data is deliv­
ered to the elient side sports scores API object 1705. Then, 
for the "elicnt reads scores" action 1716, the elient-side API 
1705 receives the completion event and retrieves the data 
delivered by the server-side API 1712 wherein the results 
(updated sports scores) are presented to the user via the 
elient GUI controls. 

Applications 

Several applications are enabled by the data communica­
tions system architecture ineluding aircraft operations appli­
cations, cabin applications for aircraft persollllel, and pas-

tem, fault reports, gate assiglllllent, weight data, departure 
reports/pre-flight briefings, elock synchronization, delay 
reports, gate requests, ACARS, crew scheduling, and 

20 weather. 
The ELS/electronic logbook provides a paperless envi­

romnent for the aircraft crew to manage aircraft operations. 
The system ineludes reference to on-line manuals and guides 
and provides an electronic mechanism for items requiring 

25 logbook entry. Logbook entries can be automatically sent to 
the aircraft operations center for an updated copy of the 
logbook system, this copy serving as a backup to the 
electronic copy kept on the aircraft system. 

FOQA is an FA.A-sponsored program to increase aircraft 
30 flight safety via monitoring aircraft and pilot performance 

through the various data supplied by the aircraft sub-sys­
tems. The data can be stored on-board the aircraft and 
delivered at a later date to aircraft flight operations or can be 
delivered real-time via the data communications server. The 

35 engine data application can inelude real-time delivery of 
engine performance data to the aircraft operations center, 
obtainable via the ACARS MU or via the ARINC-429 bus 
collllected to an engine electronic controller (EEC). Perfor­
mance reports may inelude monitoring of pilot actions 

40 during critical phases of flight such as takeoff and landing to 
provide the flight operations input for corrective actions in 
training programs or technical literature. Additionally, data 
analysis used to maximize flight performance may inelude 
monitoring of such data as actual vs. calculated Vl speeds, 

45 angle of rotation, flap deployment, and angle of ascent/ 
descent. 

Real-time aircraft position is used by the aircraft opera­
tions center to track the aircraft and provide real-time 
feedback for performance monitoring and route adjustments 

50 to pilots. Advantageously, the data communications server 
may obtain position information from an on-board position­
ing system (e.g., global positioning satellite) and route that 
information to the aircraft operations center. Other applica­
tions use the data communication server to provide the 

55 requested data. 
Cabin applications can be advantageously intended to 

increase the operational efficiency of the aircraft cabin crew 
and/or maintenance crew. Cabin applications can be also 
intended to provide new passenger services or more efficient 

60 use of existing passenger services. Cabin applications can 
inelude, but are not limited to, collllecting gates/delay 
reports, duty-free shopping (allowing aircraft persmmel to 
validate credit purchases of duty-free goods via a card 
reader), frequent flyer/customer profile, on-board inventory, 

65 systems information and troubleshooting, departure reports/ 
pre-flight briefings, FA communication system, flight atten­
dant comments tracking system (FACTS), email, cabin 
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discrepancy log (CDL), catering reports (allowing user 
preselected catering services), and baggage/asset tracking. 
Baggage/asset tracking can be advantageously implemented 
using the data communication server in combination with an 
RFID tag system ( e.g., integrated into baggage tags) to track 
and locate aircraft baggage and assets. The RFID tags could 
be read with RF readers for tracking and identifying of 
baggage and assets, including a data link (e.g., Ethernet) to 
the data communication server for processing. 

Passenger applications are intended to provide a more 10 

comfortable, convenient aircraft experience for the passen-

18 

wherein a client-side object in the application layer 
includes a conununicator to request a service from the 
application progranuning interface layer; 

wherein a receptor in the application programming inter­
face layer is to respond to the request; and 

wherein the objects include objects for retrieving time­
sensitive inforn1ation for a user, a FMS (Flight Man­
agement System) object for database loading, and 
FOQA (Flight Operations Quality Assurance) object 
for obtaining and managing ACMS (Aircraft Condition 
Monitoring Systems) data. 

ger (user). Passenger applications can advantageously 
include, but are not limited to, transaction processing, sports 
scores as described herein, connecting gates/delay reports, 
service selections, reservation system access, messaging 
service, marketing tracking, surveys/comments, shopping, 
email, advertising, on-line services as described herein, 
passenger in.flight information (PII), GIA registration for 
telephony services, and medical information. 

2. The method of claim 1, wherein the time-sensitive
information includes either of sports scores, business infor­
mation, news information, weather information, traffic infor-

15 mation, politics information, and financial information. 
3. The method of claim 1, wherein the grmmd station is

used as a proxy server for the data communication server 
and the TCP/IP services includes file transferring, the file 
transferring occurring at an adjusted transfer rate in response 

20 to previous measurements of the transfer rate in detennining 
network performance. 

Although the invention is described herein using the 
NATS network as a primary bearer service for an aircraft 
data communication service, it will be appreciated by those 
skilled in the art that modifications and changes may be 
made without departing from the spirit and scope of the 
present invention. As such, the method and apparatus 25 

described herein may be equally applied to any bearer 
service providing data communication services for a user 
from any moving object. 

What is claimed is: 

1. A method of providing data communication services,
comprising: 

establishing a radio communication path between a mov-

30 

ing object and a ground station using a data commu­
nication server co-located with the moving object, the 

35 

data conununications server including a plurality of 
interface units for accessing different data networks 
including an Ethernet interface unit, an ISDN interface 
unit, and a pre-determined wireless data network inter­
face unit; 40 

said step of establishing including: 
sending a channel request signal, via the ISDN inter­

face unit and a communication unit, to the ground 
station; and 

receiving an acknowledgement signal via the ISDN 45 

interface unit and the communication unit, including 
a channel assig1unent, back from the ground station 
indicating a channel is being made available and 
being assigned for the radio conununication path; 

transmitting data to and receiving data from said ground 50 

station over said packet data network, said data includ-
ing either of user infomiation or moving object opera­
tion information; 

wherein said data communication server includes soft­
ware architecture including software functional layers, 55

the layers including a system resources layer, a system 
services layer, an application programming interface 
layer, and an application layer; 

the system resources layer to conununicate with the 
systems services layer and including a device driver for 60 

data exchange with onboard avionics, the system ser­
vices layer to provide services including at least one of 
avionics standards services, data compression and 
cryptographic services, and to communicate with the 
onboard avionics by way of the device driver, and the 65 

application programming interface layer including 
objects corresponding to aircraft services; 

4. The method of claim 1. wherein the user information
includes time-sensitive infonnation that is obtained by: 

permitting a user to request an update of the time­
sensitive information using a graphical user interface, 
the time-sensitive inforn1ation being stored in a user 
profile; 

reviewing the user profile containing the time-sensitive 
information requested by the user to verify the status of 
the current time-sensitive information; 

requesting an update of the time-sensitive infonnation 
when the time-sensitive information is detern1ined to be 
no longer current; 

retrieving the updated time-sensitive information; and 
presenting the updated time-sensitive infomiation to the 

user. 
5. The method of claim 4, wherein:
said step of reviewing includes initiating an SQL (Struc­

tured Query Lanquaqe) query of a time-sensitive infor­
mation table, stored in the user profile, using an SQL 
manager at the System Services layer to verify if the 
time-sensitive information is current; 

said step of retrieving includes invoking the SQL manager 
to query time-sensitive information records for instruc­
tions to initiate an SQL-based data query and instruct­
ing the SQL manager to retrieve the updated time­
sensitive information, and the SQL manager initiating 
queries by establishing either of a TCP or UDP SQL 
port connection to an SQL at the ground station; and 

said step of presenting includes presenting the updated 
time-sensitive information to the user via the graphical 
user interface. 

6. The method of claim 1, wherein said user information
includes information enabling the user to select an item for 
purchase from a duty-free seller from catalog inforniation 
displayed to the user, and enabling the user to provide credit 
card information to complete the purchase. 

7. The method of claim 1, wherein said user infomiation
is selected from the group consisting of infonnation 
enabling the user to receive pre-selected catering services 
upon the moving object, information regarding connecting 
gates, user profile information, sports scores information, 
com1ecting gate information, airline reservation system 
information, messaging service information, internet ser­
vices information, real-time information relating to moving 
object operation, and user medical information. 
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8. The method of claim 1, wherein said moving object

operation infonnation includes information relating to 
inventory carried by the moving object, including catering 
supplies. 

9. The method of claim 1, wherein said moving object
operation information includes email and said user informa­
tion includes email directed to users. 

10. The method of claim 1, wherein said moving object
operation information includes either of engine performance 
data, baggage tracking information, ELS (Electronic Library 10

Systems )/Logbook system data, FOQA information, perfor­
mance reports relating to pilot actions, weather information, 
or CDL (Cabin Discrepancy Log) infonnation. 

11. A method of providing data communication services,
comprising: 15

establishing a radio connnunication path between a mov­
ing object and a ground station using a data connnu­
nication server co-located with the moving object, the 
data conummications server including a plurality of 
interface units; 20 

said step of establishing including: 
sending a chaimel request signal to the ground station; 

and 
receiving an acknowledgement signal back from the 

ground station; 25

transmitting data to and receiving data from said ground 
station, said data including either of user information or 
moving object operation infonnation; 

wherein said data connnunication server includes soft­
ware architecture including software ftmctional layers, 30

the layers including a system resources layer, a system 
services layer, an application progrannning interface 
layer, and an application layer, the application pro­
gral111Iling interface layer including a device for retriev-
ing time-sensitive information; 35

the system resources layer to communicate with the 
systems services layer at1d including a device driver for 
data exchange with onboard avionics, the system ser­
vices layer to provide services including at least one of 
avionics standards services, data compression and 40 

cryptographic services, and to connnunicate with the 
onboard avionics by way of the device driver, at1d the 
application prograinming interface layer including 
objects corresponding to aircraft services; 

wherein a client-side object in the application layer 45

includes a comm1micator to request a service from the 
application programming interface layer; and 

wherein a receptor in the application progran1I11ing inter­
face layer is to respond to the request. 

12. The method of claim 11, wherein the time-sensitive 50

information includes either of sports scores, business infor­
mation, news information, weather infonnation, traffic infor­
mation, politics information, and financial information. 

20 
13. The method of claim 11, wherein the user information

includes sports scores that are obtained by: 
pem1itting a user to request an update of the sports scores 

using a graphical user interface, the sports scores being 
stored in a user profile; 

reviewing the user profile containing the sports scores 
requested by the user to verify the status of the current 
sports scores; 

requesting ai1 update of the sports scores when the sports 
scores are determined to be no longer current; 

retrieving the updated sports scores; ai1d 
presenting the updated sports scores to the user. 
14. The method of claim 13, wherein:
said step of reviewing includes initiating an SQL query of

a sports scores table, stored in the user profile, using an 
SQL manager at the System Services layer to verify if 
the sports scores data is current; 

said step of retrieving includes invoking the SQL manager 
to query a sports scores locator records for instructions 
to initiate an SQL-based data query and instructing the 
SQL manager to retrieve the updated sports scores, and 
the SQL manager initiating queries by establishing 
either of a TCP or UDP SQL port cormection to an SQL 
at the ground station; and 

said step of presenting includes presenting the updated 
sports scores to the user via the graphical user interface. 

15. A system for providing data connnunication services,
comprising: 

a data communication server, co-located with a moving 
object, for establishing a radio connnunication path 
between a moving object and a ground station; 

wherein the data connnllllication server including soft­
ware architecture including software fllllctional layers, 
the layers including a system resources layer, a system 
services layer, an application progratnming interface 
layer, and an application layer; 

the system resources layer to communicate with the 
systems services layer ai1d including a device driver for 
data exchange with onboard avionics, the system ser­
vices layer to provide services including at least one of 
avionics standards services, data compression and 
cryptographic services, and to col111Ilunicate with the 
onboard avionics by way of the device driver, at1d the 
application progran1I11ing interface layer including 
objects corresponding to aircraft services; 

wherein a client-side object in the application layer 
includes a comn1UI1icator to request a service from the 
application programming interface layer; and 

wherein a receptor in the application progrannning inter­
face layer is to respond to the request. 

* * * * *
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